BACKGROUND: Rugby is characterized by high-speed collisions among the players that predispose them to injuries, particularly to the head, neck, and spine. OBJECTIVE: To evaluate the effectiveness of current neurological injury prevention strategies in rugby union. METHODS: Systematic review in May 2010. We assessed the quality and content of studies that evaluated injury prevention strategies for rugby players and reported on neurological outcomes. We searched OVID Medline, OVID HealthStar, CINAHL, Sport Discus, PubMed, Scholar's Portal Physical Education Index, Web of Science, and the Cochrane Controlled Clinical Trials Register (CENTRAL) and conducted a manual search of the cited literature lists of each included study. RESULTS: Ten articles are included in the review, with 2 of these assessing both headgear and mouthguards. Four studies reported insignificant reductions in neurological injury with the use of headgear. The results of 4 studies on the effectiveness of mouthguards in preventing neurological injury were inconclusive. Four studies reported significant reductions in neurological injury after the implementation of nationwide multifaceted injury prevention strategies with a focus on education CONCLUSION: There is limited evidence to support the effectiveness of mouthguards and headgear in reducing neurological injuries; however, system-wide, mandatory interventions are useful in reducing neurological injuries in rugby.
R
ugby is a popular contact sport characterized by high-speed collisions among the players that predispose them to injuries, particularly to the head, neck, and spine. 1, 2 The use of protective equipment and educational and rule enforcement programs are some strategies for preventing injuries in these areas. However, the effectiveness of these strategies in neurological injury prevention has yet to be systematically reviewed in the sport of rugby.
Professional rugby players sustain injuries at a rate of 91 injuries per 1000 player-hours, with each injury requiring on average 18 days to recover and return to play. 3 Concussion is the third most common match injury and accounts for 62% of match head injuries in professional rugby union players. 3 In younger players (up to 20 years of age), concussion accounts for up to 11% of all game injuries. 4 The incidence of concussion in professional English rugby union players has been reported at 4.1 per 1000 playerhours. 5 Two international rugby studies reported relatively lower, yet stable, concussion rates of 2.1 and 2.6 concussions per 1000 match player-hours in elite players in 2003 and 2007, respectively. 2, 6 It is suggested that the incidence of these injuries may be underreported due in part to the International Rugby Board (IRB) return-to-play law, 6, 7 which requires either clearance by a neurological specialist for permission to return to play or no participation in rugby for 3 weeks after injury.
Another form of neurological injury in rugby is spinal injuries, which account for approximately 9% of the total time lost to match injuries by professional English players. 3 Non-catastrophic spinal injuries, which are less severe yet more prevalent than catastrophic spinal injuries, occur at a rate of 10.90 injuries per 1000 player match-hours. 9 Spinal injury cases in elite players needing emergency measures were observed at the 2003 Rugby World Cup. 6 The rates of spinal injury were subsequently quantified at 0.5 injuries per 1000 match player-hours during the 2007 Rugby World Cup. 2 A prospective cohort study reported that the incidence of spinal injuries was 10.90 per 1000 match player-hours. 9 Although no player sustained a catastrophic spinal injury, three players sustained career-ending injuries. Quarrie et al 10 previously outlined player position and phase of play as risk factors for, and hyperflexion of the cervical spine as a mechanism of, spinal injuries. Although most neurological injuries in rugby are mild, there is a small risk of severe neurological trauma that can result in disastrous and permanent neurological disability, paralysis, and, rarely, death. [10] [11] [12] [13] [14] It is argued that the use of educational injury prevention programs that promote proper playing techniques and enforcement of existing rules can reduce high-risk behaviors and injury in sport. 15 Moreover, rugby players have the option of using headgear (soft-shelled helmet with thin padding), mouthguards, and other limited thin-padded devices for protection against injuries. 8 It is commonly believed that the use of headgear and mouthguards can prevent concussions in the sport of rugby; however, the evidence in support of this theory has not been thoroughly reviewed. [16] [17] [18] Knapik et al 19 reviewed the effectiveness of mouthguards in preventing concussion among several contact sports (including rugby) and found that the use of mouthguards was not correlated with reduced concussion rates. To date, no study has focused on assessing the quality of research and effectiveness of interventions aimed to prevent neurological injuries in rugby only.
Given that neurosurgeons are called upon not only to assess and treat injured rugby players, but also to give their opinion about the value of various strategies to prevent neurological injuries, it is important for neurosurgeons to be aware of the value of these interventions. Therefore, the aim of this review is to evaluate the effectiveness of injury prevention strategies such as protective equipment and educational and enforcement programs in reducing brain and spinal injuries sustained by rugby players. We hope the study findings will help facilitate further research and policy in the prevention of neurological injuries involved in rugby.
PATIENTS AND METHODS
Terms used in this review are defined in Table 1 . We ran searches on several databases to identify studies that evaluated the effectiveness of injury prevention strategies in rugby. We ran separate searches in OVID MEDLINE (from 1950 to May 2010, including in-process and non-indexed citations), OVID HealthStar (from 1966 to All articles indexed with the medical subject heading (MeSH) or expert keyword football, or with the keyword rugby were identified. Those also indexed with the following keywords were examined: athletic injuries, brain injury, brain concussion, craniocerebral trauma, spinal injuries, spinal cord injuries, head protective devices, helmets, mouth protectors, mouthguards sports equipment, education, intervention studies, and rules. The references cited for all included studies also were searched manually. Journals that commonly publish articles related to rugby-British Medical Journal, British Journal of Sports Medicine, Injury Prevention, and Sports Medicine-also were searched manually from 2000 to 2010. We also searched Google Scholar, DogPile, and other nonspecialist search engines. The search history results obtained from our MEDLINE search are shown in Table 2 .
The inclusion criterion in our search was studies that used injury prevention strategies in an attempt to prevent neurological injuries, evaluated their prevention effectiveness, and reported on neurological outcomes. The exclusion criteria were as follows: 1) studies conducted in a laboratory setting; 2) studies that reported on the effects of protective equipment on reducing injuries to the scalp and face or in which we could not isolate the effects of neurological injuries alone; and 3) studies that reported only on the perceived effectiveness of interventions. Studies conducted in the laboratory setting were excluded because our focus is on clinically relevant studies done in the performance environment. Given the limited number of studies reporting on neurological injury prevention in rugby, we included studies without a concurrent control group if the study reported on the effects of neurological injuries.
Rugby football is played according to two codes: rugby union and rugby league. These two codes differ only in the number of players allowed on the field, the size of the field, the scoring of points, and the regulations surrounding restarting of play. Because all of our studies examine interventions in the rugby union style of football, we will be using the terms rugby and rugby union interchangeably.
Description of Search
After completing the keyword searches, the authors independently screened the titles and abstracts of the retrieved articles. Thirteen articles met the inclusion criteria. We excluded 2 articles 20,21 because they were performed solely in the laboratory setting. One study 22 was excluded because it examined the effectiveness of rugby headgear in preventing facial laceration, abrasion, or fracture in addition to neurological injuries, and it was not possible to distinguish data related solely to neurological injuries. Consequently, 10 articles were selected for the review. Two of the articles were randomized control trial (RCT) studies, 4, 23 two were prospective cohort studies, 5, 24 one was an ecological study, 25 one was a case-control study, 26 three were case-series studies, [27] [28] [29] and one was a poorly conducted cohort study. 17 Data were extracted by 2 authors independently. There were no disputes needing to be resolved by a third party.
Quality Assessment
The Downs and Black's 30 methodological checklist for quality assessment was used to objectively assess the quality of the included studies. The included studies were reviewed on reporting, external validity, internal validity (bias and confounding), and power. Due to the heterogeneity of samples, outcomes, and study designs of the included studies, we adopted a narrative approach to synthesize our results.
RESULTS

Included Studies
Ten studies that met the inclusion criteria and passed the exclusion criteria were included in the study (see Table 3 ). Two studies assessed the effectiveness of headgear, 4,23 2 studies assessed the effectiveness of mouthguards, 17, 26 and 2 studies assessed the effectiveness of both headgear and mouthguards 5, 24 to prevent concussion during rugby. Four studies reported on system-wide implementation of educational or enforcement of rule strategies aimed at reducing brain or spinal injuries. 25, [27] [28] [29] Of all the included studies, 1 study was conducted in South Africa, 26 2 studies were performed in England, 5,17 1 study was conducted in Australia, 23 and 5 studies were done in New Zealand. 24, 25, [27] [28] [29] McIntosh et al 4 did not indicate the geographic location of their study. The included studies are described in the following sections and are summarized in Table 3 .
Protective Equipment
In total, 4 studies evaluated the effectiveness of headgear in preventing concussion injuries, with none of them finding any benefits from wearing headgear in order to prevent concussions. 4, 5, 23, 24 Four studies evaluated the effectiveness of mouthguards in preventing concussions. The results from the 4 studies are inconsistent. Jennings et al 17 found that the use of gum shields appeared to be associated with a reduction in the incidence of concussion and loss of consciousness. The remaining studies 5, 24, 26 found no beneficial effects for the use of mouthguards in preventing concussion injuries.
Education and Enforcement Strategies
Four of the studies evaluated the effectiveness of education or enforcement strategies in preventing neurological injuries. 25, [27] [28] [29] In contrast to the equipment studies, all of these studies reported beneficial effects. Concussion management education programs and sideline concussion checklists provided in the RugbySmart program were effective in reducing the incidence of concussion and brain injury claims made to the Accident Compensation Corporation (ACC) compared to the pre-intervention period and compared to forecasted injury trends. 27 This resulted in a savings equivalent to US $690 690 from the decreased claims made to the ACC. Moreover, the mean number of days between concussion/ brain injury and the player's seeking treatment was reduced from 6 to 4. 27 The RugbySmart program also was able to reduce the incidence of observed spinal injuries during the study period when compared to forecasted values of spinal injuries. 25 Over the 5-year period during which RugbySmart was implemented, injury rates in 2005 were found to be generally less than those in 2001 for injury sites targeted by the program. No similar improvement was observed for injury sites not targeted by the program. Neck and spine injuries had the greatest decrease in rate from 2001 to 2005. 29 Lastly, the new scrum engagement law that was implemented by the IRB in the RugbySmart program in 2007 tended to reduce the incidence of contusions and fractures to the neck and back, as well as spinal disc protrusions and prolapsed discs that resulted from the scrum. 28 
Quality Assessment
See Supplemental Digital Content 1, which summarizes our results as per the Downs and Black 30 methodological criteria, http://links.lww.com/NEU/A335.
Reporting
All of the studies described the hypothesis of the study, main outcomes measured, participant characteristics, random variability, intervention, and main findings. No studies reported on adverse events to their intervention; however, 2 studies suggested the possibility of risk compensation 31 that may exist in the rugby playing environment. 4, 24 Only 2 studies reported on the cost-effectiveness of the interventions. 26 , 27 Blignaut et al 26 reported that constructing Administration of New Zealand's 24-hour no-fault accident compensation and rehabilitation scheme. 20 RugbySmart A compulsory educational injury prevention program initiated by the ACC and New Zealand Rugby Union. The goal of RugbySmart is to lessen the number and severity of injuries sustained in the rugby community. Coaches and referees were the intended participants of the program. Coaches and referees received educational information via video presentations, printed materials, electronic resources, and participations in workshops. The program encouraged coaches and referees to educate their players accordingly.
Neurological injury
Any mild or minor, moderate and severe injury pertaining to the brain (including concussion) or spinal cord.
Concussion is defined as a complex pathophysiological process affecting the brain, induced by biomechanical forces. 21 Nerve root injuries, although common in rugby, are not included in our definition of neurological injuries because there are no intervention studies specifically designed to reduce these injuries. 9 CUSIMANO ET AL mouthguards for players in their study was not cost-effective. Gianotti et al 27 found a total savings equivalent to US $690 690 from the reduced number of claims to the ACC and a return on investment range equivalent to US $12.60 for every US $1 invested.
External Validity
Although not explicitly stated, there was no evidence to suggest that participants in any of the studies differed from the entire population from which they were recruited. Also, the staff, places, and facilities where the participants were studied were likely representative of the environment to which most participants would be normally exposed. There is no reason to believe that players, coaches, and officials in New Zealand, South Africa, England, and Australia are different from those in other countries. A limitation of included studies for the review is an uneven distribution of the sex and age of players and the amount of experience players have had. This limitation could lead to considerable differences in the way rugby games are played and types or levels of rugby competition for which the included studies did not account. A review by Brooks et al 32 reported that the incidence of match injuries is much higher in professional players (68-218 injuries per 1000 player hours) 3, 6, [33] [34] [35] [36] compared to senior amateur (15-74 injuries per 1000 player hours), 37, 38 school-boy (7-28 injuries per 1000 player hours), [39] [40] [41] and women (3.6-7.1 injuries per 1000 player hours). 42, 43 The study also found that injury incidence rises with age and competitive level. Although Brooks et al report on all match injuries and do not report specifically on neurological injuries, there is no reason to believe that these same factors are unlikely to affect neurological injuries as well. Kahanov et al 44 reported that different player positions and the level of player experience played a role in the number of concussions sustained by a rugby player. Differences in gameplay style or intensity in an under-oroverrepresented population may possibly have led to some of the changes observed. Further studies focusing on neurological injuries in rugby accounting for these limitations should be an area of future investigation.
Internal Validity
It was not possible to use blinding outcome assessors and allocation concealment in any of the study designs. None of the included studies were able to use blinding outcome assessors and allocation concealment as the study designs. Whether all coaches actually implemented RugbySmart principles and the sideline concussion cards is not clear. McIntosh et al 4 reported that low compliance was a major limiting factor to their study. They allocated an expected 36% of the player-game exposures for players randomized to the modified headgear arm, but observed that only 11% of the total game exposures were for players using modified headgear. The studies were carried out with otherwise sound methods (ie, appropriate intervention measures and valid outcome measures).
All studies except the New Zealand RugbySmart studies [25] [26] [27] [28] [29] had controls recruited from the same populations as the intervention groups over the same period of time. Two studies, by Gianotti et al 27, 29 and Quarrie et al 25 had historical control groups because of the design of the time series studies, which involved the implementation of a population-based, ongoing nationwide educational program in New Zealand. The integrity of these controls is unclear, given that the environment of rugby likely changed 45 over the time periods of the New Zealand RugbySmart studies. 25, [27] [28] [29] The involvement of a whole country There was no significant difference in the incidence of concussion between wearers and non-wearers of mouthguards (P = .44). There was no significant difference in the incidence of concussion between wearers and non-wearers of headgear (P = .28). by a uniform reporting system is, however, a strong point of the New Zealand RugbySmart studies. 25, [27] [28] [29] Only 2 of the studies explicitly reported on characteristics of study participants lost to follow-up. 4 , 24 Marshall et al 24 reported that 18 individuals of 52 excluded participants from a total of 356 participants were lost during the study, and McIntosh et al 4 reported that there were no participants lost to follow-up. The participants lost to follow-up in the study by Marshall et al 24 were excluded from the analyses. The New Zealand RugbySmart studies 25, [27] [28] [29] did not report on loss of study participants, likely due to the compulsory nature of the program. However, the nature of the players, coaches, or officials participating in rugby in New Zealand may be changing, and those prone to injury may be excluded. It is not clear how many coaches and teams were withdrawn from competition because of the mandatory participation in the education programs.
Only the studies by Marshall et al 24 25 were all based on the same New Zealand ACC database of injuries over a short time frame. Because the authors used similar data to assess the impact of ''sideline management,'' RugbySmart, and new scrum laws on neurological injuries, it becomes somewhat difficult to determine which of the interventions is responsible for the reported effects. It could be that one of the interventions has a more powerful effect than the others or that one effect can occur only in the setting already ''primed'' by a prior state that makes participants ready to accept the next effective intervention.
Statistical Power
Only McIntosh et al 4 reported on statistical power a priori. Given the rates of 2.1 and 2.6 concussion cases per 1000 professional match player-hours in 2003 and 2007, respectively, 2, 6 it is unlikely that any but the New Zealand RugbySmart studies 25, [27] [28] [29] and the McIntosh et al 4 study had sufficient power to detect significant changes. The lack of effect seen may be due to type II errors or because of a lack of effectiveness of the interventions.
DISCUSSION
Our paper reviewed the results of 10 studies that reported on the effectiveness of injury prevention strategies used in rugby union. Six studies evaluated the effectiveness of headgear and/or mouthguards, and 4 studies evaluated the effectiveness of education and rule enforcement strategies. From our systematic review, it can be concluded that headgear and mouthguards have limited or no benefit in reducing concussion in rugby, whereas nationwide multifaceted injury prevention strategies with a focus on education led to a significantly reduced incidence of concussion and head/neck and spinal injury.
A statistically nonsignificant decline of concussion injuries associated with the use of headgear alone was ascertained. 4, 5, 23, 24 Laboratory studies of the impact attenuation properties of headgear in rugby show that they have a very limited capacity to lessen the likelihood of concussion. 21 These reasons, combined with the relatively small sample sizes of the studies by McIntosh et al 23 and Marshall et al 24 show no statistically significant effects for headgear. Marshall et al's study 24 reported on the effectiveness of headgear in 1993; there is no reason given for the delay from data collection to publication of results. However, we have not been able to identify any publications on changes in the standards for or the design of headgear for rugby since 1993.
Reports on the benefits of mouthguards were conflicting. Several researchers 5, 24, 26 reported limited benefits for the use of mouthguards in reducing concussion, whereas Jennings and colleagues 17 reported statistically significant valuable effects for the use of mouthguards in reducing concussion. However, the study by Jennings et al had many methodological limitations, such as its retrospective nature, its use of different questionnaires in the 2 groups, its failure to report on important methodological aspects, and its provision of few details on the statistical analyses. Given the limitations of Jennings et al's study 17 and the consistent results from others, 5, 24, 26 we conclude that there is no evidence for the benefits of mouthguards as concussionpreventing equipment. It is possible that some mouthguard designs are more effective than others, but a recent RCT suggests otherwise. 46 Mouthguards are the most commonly used protective item in rugby. 47 Contrastingly, less than 10% of players used headgear with high frequency. 47 There are strong indications for the use of headgear and mouthguards to prevent orofacial injuries. Numerous studies have shown that mouthguards are beneficial in reducing and preventing the number of orofacial injuries in contacts sports, including rugby. 17, 24, 48, 49 Similarly, headgear can reduce the risk of developing scalp lacerations and abrasions in rugby. 24 Despite their limited ability to prevent concussion injuries, we suggest that headgear and mouthguards continue to be used to prevent orofacial injuries.
Some authors have argued that the use of protective equipment may result in increased aggressive behaviors and attitudes in rugby players that may lead to an increase in rugby injuries. In sports, this effect is known as risk compensation. 31 Finch et al 50 reported that rugby players under 15 years old were more confident and able to tackle harder when wearing headgear. Two of the included studies suggested the possibility of risk compensation by illustrating the association between the use of standard headgear and a higher incidence of developing a game injury. 4, 24 Risk compensation was not directly examined in either study, but it may have been present.
The studies by Gianotti et al -29 drew their data from the New Zealand ACC database of injuries; however, each study evaluated the effectiveness of their interventions over a short time frame.
